1. Introduction {#sec1}
===============

Obesity has been recognized as a major public health problem and caused economic burden \[[@B1]\]. Obesity is associated with the development and progression of chronic kidney disease (CKD), and multiple mechanisms including chronic inflammation, increased oxidative stress, and hyperinsulinemia have been proposed to initiate and maintain kidney injury in obese patients \[[@B2], [@B3]\]. Diabetic kidney disease is one important complication of diabetes. Except for hyperglycemia, many factors including obesity have been reported to be risk factors for diabetic kidney disease \[[@B4], [@B5]\].

Body mass index (BMI) and waist circumference (WC), widely used as obesity indexes, have been proved to aggravate the development of CKD in different subsets of patients \[[@B6]--[@B8]\]. However, BMI could not distinguish the muscle from the fat content \[[@B9], [@B10]\], and subjects with similar BMI level may have different metabolic and cardiovascular risk (CVD) \[[@B11]\]. In addition, BMI and WC lack detailed information about the distribution of body fat. Body fat is now usually divided into subcutaneous fat and visceral fat according to the anatomical and physiological functions of fat deposition \[[@B12]\]. Visceral fat has been thought to be associated with the progression of CKD \[[@B13]--[@B16]\].

Recently, new anthropometric and imaging methods have been used to assess visceral fat in clinical practice and research. Perirenal fat is a fat pad surrounding the kidneys, located between the renal fibrous membrane and the renal fascia in the retroperitoneal space \[[@B17]\]. While paranephric fat is anatomically adjacent to perirenal fat, the renal fascia separates perirenal fat from paranephric fat \[[@B17]\], whereas sinus fat is perivascular fat, confined to the renal sinus and the renal fibrous membrane \[[@B18]\]. Anatomy studies have confirmed that perirenal fat has a complete system of blood supply, lymph fluid drainage, and innervation compared to classically connective tissues \[[@B19]--[@B21]\]. Histologically, paranephric fat is a typical white adipose tissue depot, while perirenal fat mainly consists of dormant brown adipose tissue \[[@B22]\]. Besides, perirenal fat is more active in energy metabolism and adipokine secretion compared with typical visceral fat \[[@B17], [@B23]\]. Renal sinus fat has been proved to increase in patients with prediabetes and diabetes, and negatively associated with estimated glomerular filtration rate (eGFR) in patients with type 2 diabetes mellitus (T2DM) \[[@B24], [@B25]\]. Additionally, it has been proved that renal sinus fat was associated with an increased risk of CKD in general subjects through inflammatory signaling \[[@B26]--[@B28]\]. Some researchers have shown that massive perirenal fat thickness (PrFT) was an early predictor of atherosclerosis \[[@B29]\]. De Pergola et al. have found a positive association between paraperirenal fat thickness and mean 24 h diastolic blood pressure levels in overweight and obese subjects \[[@B30]\]. Another study suggested the close relationship between perirenal fat and microalbuminuria and reduced glomerular filtration rate (GFR) in obese rats and obese swine \[[@B31], [@B32]\].

Based on the above background, our study is aimed at assessing the relationship between PrFT and eGFR in patients with T2DM.

2. Materials and Method {#sec2}
=======================

2.1. Patients {#sec2.1}
-------------

A total of 171 inpatients visiting the department of endocrinology of Beijing Luhe Hospital, Capital Medical University, were recruited from September 2019 to October 2019. Patients with renal replacement therapy (renal transplant or dialysis patients), renal morphological abnormalities (difference in kidney length between the two kidneys \> 1.5 cm, solitary kidney or multiple kidneys, congenital kidney abnormalities, polycystic kidney, and hydronephrosis), liver cirrhosis, chronic obstructive lung disease, previous diagnosis of a tumor, and present pregnancy were excluded. The present study was carried out in accordance with the Declaration of Helsinki, and the study protocol was approved by the ethical committee of Beijing Luhe Hospital.

2.2. Anthropometric Evaluation {#sec2.2}
------------------------------

All subjects participating in our study underwent a physical examination including measurements of height, weight, and WC. BMI was calculated as weight divided by square height (kg/m^2^). Serum creatinine, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c), triglycerides (TG), uric acid (UA), fast plasma glucose (FPG), and glycated hemoglobin (HbA1c) were examined. eGFR is calculated using the MDRD formula: \[eGFR (ml/min/1.73 m^2^) = 175 × (Scr/88.4)^−1.154^ × (Age)^−0.203^ × (0.742 if female)\]. Urinary microalbumin and creatinine concentrations were determined on the morning of the clinical examination using an early-morning first sterile urine sample with the electrochemical luminescence methods (Roche Diagnostics GmbH, Germany). The urinary microalbumin to creatinine ratio (UACR) was then calculated by a machine (UACR = urinary microalbumin/urinary creatinine × 8841). Visceral fat area (VFA) was estimated through DUALSCAN HDS-2000, an abdominal dual BIA machine (OMRON Healthcare Co., Kyoto, Japan).

2.3. Measurement of Perirenal Fat Thickness {#sec2.3}
-------------------------------------------

Ultrasound examinations were performed by a single skilled operator who did not know the patient\'s clinical data, using a duplex Doppler apparatus (Model Preirus, HITACHI). PrFT and paranephric fat thickness (PnFT) were measured while the patient was in a supine position. The probe was held vertical to the skin on the transverse aspects of the abdomen and slowly moved laterally until the optimal position was found. Longitudinal scanning was performed with the kidney surface almost parallel to the skin. The pressure on the probe should be as small as possible to prevent the fat layer from being compressed. PrFT and PnFT were then determined from the inner side of the abdominal musculature to the surface of the kidney. The average of bilateral ultrasound measurements was calculated as the PrFT and PnFT.

2.4. Statistical Analysis {#sec2.4}
-------------------------

The population was divided into three groups based on quartiles of PrFT (PrFT1 \< 0.6 cm, PrFT2 0.6 − 1.33 cm, PrFT3 ≥ 1.33 cm). Continuous variables were expressed as mean ± SD. Skewed variables were given as a median and interquartile range. Differences between groups were evaluated using analysis of variance (ANOVA). A Chi-square test was used to examine the difference between groups for categorical variables. A nonparametric test was used for Skewed variables.

The univariate relationships were tested by simple linear regression analyses. Then, subgroup divided by sex was analyzed. Multiple linear regression analysis models were carried out considering eGFR as an outcome variable and correct potential confounding factors: age, diabetes duration, FPG, TC, LDL-c, HbA1c, and PrFT. The statistical analyses were performed using the IBM SPSS Statistics software package (version 25 for Windows, Chicago, IL) and statistical package R (version 3.5.2, available from <http://www.r-project.org>).

3. Results {#sec3}
==========

3.1. Clinical Characteristics of the Subjects {#sec3.1}
---------------------------------------------

[Table 1](#tab1){ref-type="table"} shows the characteristics of the overall study subjects as well as divided into three groups according to quartiles of PrFT. The mean value of PrFT in the 171 patients with T2DM was 0.97 ± 0.50 cm. There were significant differences in BMI, WC, VFA, UA, TG, and HDL-c among three groups. Subjects with higher PrFT had higher UA and TG and lower HDL-c levels compared to those with lower PrFT (*P* \< 0.01). And subjects in the higher PrFT group had higher BMI, WC, VFA, and PnFT compared to those in the lower PrFT group (*P* \< 0.01). Moreover, subjects in the uppermost PrFT group had the lowest eGFR than the other two groups (*P* \< 0.05). But no significant differences were found in UACR, FPG, or HbA1c among the three groups.

3.2. Correlations of Anthropometric and Obesity Parameters {#sec3.2}
----------------------------------------------------------

The univariate correlations between obesity parameters including PrFT, PnFT, BMI, WC, and VFA with anthropometric parameters in the entire study population are shown in [Table 2](#tab2){ref-type="table"}. PrFT was strongly and positively associated with other obesity parameters including PnFT, BMI, WC, and VFA. PrFT was significantly and negatively correlated with eGFR in the overall subjects (*r* = −0.181, *P* \< 0.05), whereas no correlation was found between eGFR and PnFT (*r* = −0.019, *P* \> 0.05), WC (*r* = 0.028, *P* \> 0.05), and VFA (*r* = 0.033, *P* \> 0.05). Reversely, BMI was significantly and positively associated with eGFR (*r* = 0.166, *P* \< 0.05). PrFT was also significantly and positively associated with metabolic parameters, such as UA (*r* = 0.269, *P* \< 0.01) and TG (*r* = 0.237, *P* \< 0.01), and negatively with HDL-c (*r* = −0.324, *P* \< 0.01).

The differences in parameters between men and women are shown in Supplementary Table [1](#supplementary-material-1){ref-type="supplementary-material"}. Men were younger and had shorter diabetes duration. Higher levels of WC, VFA, PrFT, UA, and lower HDL-c were seen in men than in women.

Then, we analyzed the correlations of eGFR and parameters in subgroup divided by sex ([Table 3](#tab3){ref-type="table"}). The correlations between eGFR and PrFT remained significant in men (*r* = −0.264, *P* = 0.019), whereas became insignificant in women (*r* = −0.199, *P* = 0.062) ([Figure 1](#fig1){ref-type="fig"}). eGFR was also significantly positively related to FPG (*r* = 0.249, *P* \< 0.05), TC (*r* = 0.287, *P* \< 0.05), LDL-c (*r* = 0.273, *P* \< 0.05), and HbA1c (*r* = 0.376, *P* \< 0.01) and negatively to age (*r* = −0.658, *P* \< 0.01) and diabetes duration (*r* = −0.441, *P* \< 0.01) in men. eGFR significantly positively correlated with HbA1c (*r* = 0.300, *P* \< 0.01) and negatively with age (*r* = −0.546, *P* \< 0.01), diabetes duration (*r* = −0.262, *P* \< 0.05), and UA (*r* = −0.305, *P* \< 0.01) in women.

3.3. Multivariate Analysis after Correction for the Confounding Factors {#sec3.3}
-----------------------------------------------------------------------

We further established a multivariate model considering eGFR as an outcome variable and independent variables including PrFT, age, diabetes duration, FPG, TC, LDL-c, and HbA1c in men. The results showed that only PrFT, age, and HbA1c were independently correlated with eGFR in men ([Table 4](#tab4){ref-type="table"}). The overall determination coefficient (*R*^2^) was 0.513. Indeed, in the final model, PrFT ranked second among the contributing variables of eGFR (*β* = −0.203, *P* \< 0.05), while the strongest independent variable was age (*β* = −0.593, *P* \< 0.01).

4. Discussion {#sec4}
=============

The most important finding of our study is that PrFT is negatively correlated with eGFR in T2DM patients, and this correlation remains significant after adjusting many confounding factors in men. Several studies have explored the relationship between paraperirenal fat and eGFR in patients with hypertension or obesity, while the results were inconsistent. Paraperirenal fat thickness has been found significantly and negatively correlated with eGFR in patients with hypertension \[[@B33]\]. However, no significant relationship was found between paraperirenal fat thickness and eGFR in obese patients without diabetes or hypertension \[[@B34]\]. Lamacchia and colleagues have demonstrated that paraperirenal fat thickness was independently and negatively associated with eGFR in 151 patients with T2DM \[[@B35]\]. Considering the differences in the structure and function of perirenal fat and paranephric fat, our study analyzed PrFT and PnFT separately and finally found that it was PrFT related to eGFR rather than PnFT. This is mainly due to that perirenal fat directly surrounds the kidney and has a complete system of blood supply, lymph fluid drainage, and innervation compared with other fat depots, which contributes to the uniqueness of perirenal fat. Perirenal fat may influence renal function through mechanical and also paracrine effects \[[@B17]\].

Many investigators have explored the association between PrFT and metabolism. PrFT has been confirmed to be related to metabolic risk factors such as UA, HDL-c, and TG \[[@B35]\], which is consistent with our results. Another study has reported that perirenal fat could exacerbate glucose metabolism through adiponectin in diabetic mice \[[@B36]\], while no significant relation was seen in our study. The widely use of hypoglycemia agents in our study may explain the inconsistency. One study by Lamacchia and colleagues suggested that there was no significant relationship between paraperirenal fat thickness and LDL-c in patients with T2DM \[[@B35]\], similar result was found between PrFT and LDL-c in our research as well.

Increasing evidence has suggested that the accumulation of ectopic lipids around organs may eventually cause organ dysfunction through local mechanisms \[[@B37]\]. First, perirenal fat may influence the function and metabolism of the kidney via secreting paracrine substance. One study showed that perirenal fat induced renal artery vascular endothelial dysfunction partly via tumor necrosis factor-*α* in obese swine \[[@B32]\]. Li et al. have also demonstrated that leptin, an adipocytokine released from perirenal fat, had an adverse impact on kidney damage in metabolic syndrome rat \[[@B38]\]. Another study found that perirenal fat was related to the structural and functional changes of glomerular mesangial cells, podocytes, and proximal tubule cells in mice with obesity-related glomerulopathy \[[@B39]\]. Moreover, perirenal fat could impair organ function through increasing interstitial hydrostatic pressure and reducing renal blood flow by simple physical compression on renal vessels and parenchyma \[[@B40], [@B41]\].

In addition, our results showed the difference in the correlation between PrFT and eGFR in men and women. PrFT was significantly and negatively correlated with eGFR in men, but not in women. Previous research has showed that patients with comparable WC had higher PrFT in men than in women \[[@B42]\]. In our study, women had lower levels of WC, VFA, and PrFT, lower UA, and higher HDL-c than men. Therefore, we speculate that due to relatively less severe obesity and metabolic disorders, no statistically significant correlation was found between PrFT and eGFR in women.

There are some limitations in our study as well. First, our study is cross-sectional designed, it could not establish a causal relationship between PrFT and eGFR. Further studies are needed to verify these hypotheses. Second, we used estimated GFR instead of measured GFR, which is the most exact and direct indicator of renal function. Third, we measured PrFT and PnFT by ultrasonography instead of computed tomography (CT). Ultrasonography and CT are both widely used in clinical studies. Since ultrasonography is more convenient, fast to measurement, and without radiation, it is widely utilized in clinical practice. According to a previous study, the intraoperator coefficient of variation was 4.5% \[[@B33]\]. Last, we estimated VFA by BIA instead of a standard method such as DXA scanning or CT, which is the most accurate and reliable method. However, VFA analysis through BIA correlates well with that through CT \[[@B43]\]and has the advantage of easiness, inexpensiveness, and avoiding exposure to radiation.

5. Conclusions {#sec5}
==============

In conclusion, this study showed PrFT was independently and negatively correlated with eGFR, especially in men, suggesting a possible role of PrFT in kidney dysfunction in T2DM patients.
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Supplementary Table 1: characteristics of the population divided by sex.

###### 

Click here for additional data file.

![Correlations between perirenal fat thickness (PrFT) and estimated glomerular filtration rate (eGFR) in the population divided by sex.](JDR2020-6076145.001){#fig1}

###### 

Characteristics of the overall study population and of the population divided into three groups based on PrFT.

                             Total               PrFT1 (\<0.6 cm)    PrFT2 (0.6-1.33 cm)   PrFT3 (≥1.33 cm)         *P*
  -------------------------- ------------------- ------------------- --------------------- ------------------------ ---------
  Sex (men/women)            81/90               12/32               42/44                 27/14                    0.002
  Age (year)                 58.14 ± 16.35       59.43 ± 17.67       56.93 ± 15.64         59.29 ± 16.55            0.625
  Diabetes duration (year)   10 (3­15)           12 (3.25­16.75)     8 (3­13)              12 (3­20)^\#^            0.034
  BMI (kg/m^2^)              26.61 ± 4.58        23.31 ± 3.97        27.15 ± 3.67^∗∗^      28.85 ± 5.12^∗∗\#^       \<0.001
  WC (cm)                    96.84 ± 11.50       87.44 ± 8.77        98.55 ± 9.39^∗∗^      103.26 ± 12.19^∗∗\#^     \<0.001
  FPG (mmol/l)               8.60 ± 3.80         8.45 ± 3.83         8.93 ± 4.08           8.11 ± 3.17              0.519
  UA (*μ*mol/l)              338.29 ± 99.59      307.81 ± 93.94      336.61 ± 99.22        376.29 ± 96.33^∗∗\#^     0.008
  TG (mmol/l)                1.44 (1.05­2.04)    1.15 (0.84­1.77)    1.44 (1.20­2.06)^∗^   1.75 (1.24­2.85)^∗∗^     0.004
  TC (mmol/l)                4.32 ± 1.30         4.61 ± 1.30         4.31 ± 1.30           4.02 ± 1.28^∗^           0.133
  HDL-c (mmol/l)             1.06 ± 0.27         1.21 ± 0.26         1.02 ± 0.25^∗∗^       0.98 ± 0.27^∗∗^          \<0.001
  LDL-c (mmol/l)             2.82 ± 1.04         2.97 ± 1.07         2.84 ± 1.03           2.62 ± 1.03              0.306
  HbA1c (%)                  9.34 ± 2.15         9.82 ± 2.67         9.41 ± 1.97           8.66 ± 1.71^∗^           0.051
  VFA (cm^2^)                110.19 ± 41.79      79.18 ± 30.30       115.39 ± 35.38^∗∗^    142.66 ± 43.23^∗∗\#\#^   \<0.001
  PnFT (cm)                  1.00 ± 0.44         0.65 ± 0.33         1.05 ± 0.33^∗∗^       1.28 ± 0.48^∗∗\#\#^      \<0.001
  PrFT (cm)                  0.97 ± 0.50         0.36 ± 1.92         0.95 ± 0.22^∗∗^       1.64 ± 0.23^∗∗\#\#^      \<0.001
  UACR (mg/g)                9.18 (3.91­41.94)   9.59 (3.80­26.42)   8.58 (3.39­41.23)     9.29 (4.83­67.28)        0.663
  eGFR (ml/min/1.73 m^2^)    97.08 ± 31.11       105.15 ± 36.01      97.78 ± 28.70         86.92 ± 28.14^∗∗^        0.026

BMI: body mass index; WC: waist circumference; FPG: fast plasma glucose; UA: uric acid; TG: triglyceride; TC: total cholesterol; HDL-c: high-density lipoprotein-cholesterol; LDL-c: low-density lipoprotein-cholesterol; HbA1c: glycated hemoglobin; VFA: visceral fat area; PnFT: paranephric fat thickness; PrFT: perirenal fat thickness; UACR: urinary albumin creatinine ratio; eGFR: estimated glomerular filtration rate. PrFT1 vs. PrFT2: ^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01. PrFT1 vs. PrFT3: ^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01. PrFT2 vs. PrFT3: ^\#^*P* \< 0.05, ^\#\#^*P* \< 0.01.

###### 

Main correlations of anthropometric and visceral fat parameters in the entire study population.

                             PrFT (cm)    PnFT (cm)    BMI (kg/m^2^)   WC (cm)      VFA (cm^2^)
  -------------------------- ------------ ------------ --------------- ------------ -------------
  PrFT (cm)                  1            0.523^∗∗^    0.424^∗∗^       0.457^∗∗^    0.573^∗∗^
  PnFT (cm)                  0.523^∗∗^    1            0.552^∗∗^       0.502^∗∗^    0.577^∗∗^
  BMI (kg/m^2^)              0.424^∗∗^    0.552^∗∗^    1               0.838^∗∗^    0.776^∗∗^
  WC (cm)                    0.457^∗∗^    0.502^∗∗^    0.838^∗∗^       1            0.797^∗∗^
  VFA (cm^2^)                0.573^∗∗^    0.577^∗∗^    0.776^∗∗^       0.797^∗∗^    1
  UA (*μ*mol/l)              0.269^∗∗^    0.231^∗∗^    0.263^∗∗^       0.288^∗∗^    0.486^∗∗^
  TG (mmol/l)                0.237^∗∗^    0.292^∗∗^    0.317^∗∗^       0.238^∗∗^    0.404^∗∗^
  HDL-c (mmol/l)             -0.324^∗∗^   -0.222^∗∗^   -0.180^∗^       -0.217^∗∗^   -0.254^∗^
  eGFR (ml/min/1.73 m^2^)    -0.181^∗^    -0.019       0.166^∗^        0.028        0.033
  Diabetes duration (year)   -0.005       -0.289^∗∗^   -0.248^∗∗^      -0.105       -0.185

PrFT: perirenal fat thickness; PnFT: paranephric fat thickness; BMI: body mass index; WC: waist circumference; VFA: visceral fat area; UA: uric acid; TG: triglyceride; HDL-c: high-density lipoprotein-cholesterol: eGFR: estimated glomerular filtration rate. ^∗^*P* \< 0.05; ^∗∗^*P* \< 0.01.

###### 

Main correlations of anthropometric and eGFR in the subgroup divided by sex.

  Parameter                  Men (*n* = 81)   Women (*n* = 90)            
  -------------------------- ---------------- ------------------ -------- ---------
  Age (year)                 -0.658           \<0.001            -0.546   \<0.001
  Diabetes duration (year)   -0.441           \<0.001            -0.262   0.014
  FPG (mmol/l)               0.249            0.031              0.137    0.214
  UA (*μ*mol/l)              0.085            0.469              -0.305   0.005
  TG (mmol/l)                0.150            0.193              -0.118   0.280
  TC (mmol/l)                0.287            0.013              -0.127   0.243
  HDL-c (mmol/l)             0.123            0.297              -0.042   0.705
  LDL-c (mmol/l)             0.273            0.017              -0.118   0.284
  HbA1c (mmol/l)             0.376            0.001              0.300    0.006
  BMI (kg/m^2^)              0.164            0.157              0.139    0.201
                                                                          
  VFA (cm^2^)                -0.045           0.758              0.079    0.580
  WC (cm)                    0.076            0.510              -0.075   0.492
  PrFT (cm)                  -0.264           0.019              -0.199   0.062
  PnFT (cm)                  -0.072           0.527              -0.048   0.657

eGFR: estimated glomerular filtration rate; FPG: fast plasma glucose; UA: uric acid; TG: triglyceride; TC: total cholesterol; HDL-c: high-density lipoprotein-cholesterol; LDL-c: low-density lipoprotein-cholesterol; HbA1c: glycated hemoglobin; BMI: body mass index; VFA: visceral fat area; WC: waist circumference; PrFT: perirenal fat thickness; PnFT: paranephric fat thickness.

###### 

Independent multivariate correlates of eGFR in men.

  Parameter                Unstandardized coefficient (B)   Standardized coefficient *β*   *P*
  ------------------------ -------------------------------- ------------------------------ ---------
  Model (*R*^2^ = 0.513)                                                                   
  PrFT (cm)                -12.506                          -0.203                         0.017
  Age (year)               -1.076                           -0.593                         \<0.001
  HbA1c (%)                2.674                            0.186                          0.034

eGFR: estimated glomerular filtration rate; PrFT: perirenal fat thickness; HbA1c: glycated hemoglobin.
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